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Abstract
Aim: The present study was carried out to explore the potential source of contamination and the efficacy of different 
washing practices towards quality milk production.
Materials and Methods: Probable sources of contamination viz. stored water, potable water, milker’s hands, milking pail, 
udder of individual buffalo and milk cans were subjected to different types of bacterial counts before the actual experiment 
to start. Twenty milch buffaloes thereafter were divided randomly into four treatment groups where washing was performed 
in each step viz. milker hands, udder of individual buffalo, milking pail and milk cans before milking either with water 
(T0: stored water, T1: potable water) or sanitizers (T2: 200 ppm chlorine solution, T3: 50 ppm iodophore solution) for 60 days. 
Bacterial counts again were performed for last 5 alternate days for all the sources involved along with the microbial load of 
raw milk. Data obtained were subjected to standard statistical analysis.
Results: It was found that for all bacterial count stored water contributed significantly higher as compared to the potable 
water. Among the other potential sources of contamination (log/6 cm2), standard plate count (SPC) and coliform count 
were significantly highest for milking pail (6.73±0.02) and udder of milch buffaloes (3.77±0.12), respectively, while for 
Staphylococci count both milking pail (3.24±0.02) and milking can (3.22±0.04) were contributed maximally (p<0.05) than 
others. Washing with stored water contributed significantly (p<0.05) more microbial load from all possible sources of 
contamination and too reflected on milk quality (SPC: 7.87±0.04, coliform: 4.06±0.46 and Staphylococci: 3.41±0.01) than 
the other washing treatments, which are followed by washing with potable water. Both the sanitizers were significantly 
better than the washing with the water but remained statistically similar (p>0.05) for most of the parameters, even for the 
raw milk quality.
Conclusion: Study revealed that milker hands, milking pails, udder of animals, milk cans and stored water used for washing 
of equipment are the potential source of contamination in raw milk. These were counted as critical point which needs 
attention for the production of high-quality milk. Potable water was found to be better than stored water. The use of either 
chlorine 200 ppm and iodophor 50 ppm is highly effective in reducing the bacterial population for quality milk production.
Keywords: milk, sanitizer, source of contamination, washing, water.
Introduction
Milk taken from healthy udder is often free of 
pathogens germs in addition it is pure, clean, safe, 
sound, and wholesome. However due to its high 
nutritive value and high moisture content, raw milk 
serves a good medium also for microbial growth that 
degrades the milk quality and shelf-life of milk. Hence, 
many dairy programs have been carried out to improve 
the production as well as quality of raw milk [1]. 
Contamination of milk and milk products with patho-
genic bacteria is largely due to processing, handling, 
and unhygienic conditions [2]. Bacterial contamina-
tion of raw milk can originate from different sources: 
Air, milking equipment, feed, soil, feces and grass [3]. 
Rinsing water for milking machine and milking equip-
ment washing also involve some of the reasons for 
the presence of a higher number of micro-organisms, 
including pathogens in raw milk [4,5]. Categorized the 
milk having standard plate count (SPC) <2,00,000 as 
very good; 200,001-1,000,000 as good, 1,000,000 to 
5,000,000 as fair and >5,000,000 as poor. The quality 
status in Western Countries is more stringent, as milk 
with SPC of 100,000 is not accepted for processing. 
A systemic application of descriptive food safety 
work is one of the most important tools for meeting 
these standards, if it is implemented from farm to 
consumers.
Cleaning and disinfection are, therefore, need 
to be addressed in every hazard analysis critical con-
trol point plan [6]. The first critical control point to be 
identified when the cleaning solution is prepared is 
the concentration. A too low concentration will result 
in insufficient cleaning and will have an additional 
negative impact on the disinfection step afterwards [6].
The present study was conducted to know the 
efficacy of washing practices on microbial load from 
possible sources of contamination and on raw milk for 
quality milk production.
Copyright: The authors. This article is an open access article licensed 
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creative commons.org/licenses/by/2.0) which permits unrestricted 
use, distribution and reproduction in any medium, provided the 
work is properly cited.Available at www.veterinaryworld.org/Vol.7/September-2014/24.pdf
Veterinary World, EISSN: 2231-0916  755
Materials and Methods
Ethical approval
Approval was taken from research committee and 
Institutional Animal Ethical Committee of Lala lajpat 
Rai University of Veterinary and Animal Sciences, 
Hisar. Collection of milk sample was done by following 
standard operating procedure.
Experiment site
The study was conducted on 20 healthy milch 
buffaloes between second and fourth parity in the 
Department of Livestock Production and Management, 
Lala Lajpat Rai University of Veterinary and 
Animal Sciences (LUVAS), Hisar during the month 
of February-April. These buffaloes were divided 
randomly into four treatment groups where washing 
was performed in each step viz. milker hands, udder of 
individual buffalo milking pail and milk cans before 
milking either with water or sanitizer and represented 
as T0 (stored water), T1 (potable water), T2 (200 ppm 
chlorine solution) and T3 (50 ppm iodophore solution) 
with five buffalo in each.
At the beginning of the experiment all the prob-
able sources of contamination viz. stored water (n=4), 
potable water (n=4), milker’s hands (n=4), milking 
pail (n=20), udder of individual buffalo (n=20) and 
milk cans (n=4) were subjected to SPC and different 
types of bacterial counts viz. Coliform, Staphylococci 
count. Water sample from two different sources 
i.e., stored (in underground cemented tank) and 
potable (fresh running) water, were collected in sterile 
bottles with four replications in each for 5 alternate 
days. 1 ml representative sample from each bottle was 
serially diluted to quantify the different bacteria of 
interest. For the rest of the sources, swab was taken 
from approximately 6 cm2 surface areas each from 
milker’s hands, milking pail, udder of individual buf-
falo and milk cans for 5 alternate days. Procedure of 
swabbing is discussed in the later part.
Each treatment group was thereafter subjected to 
different washings for 60 days, and the bacterial counts 
again were performed for last 5 alternate days for all 
the sources involved prior to milking viz. Milker’s 
hands, udder, milking pail, and milk cans. Raw milk 
was collected by sterile bottle from each milking pail 
immediately after milking for the same duration as 
above and serial dilution were made as like bacterial 
count of water mentioned earlier to know the effect of 
applying hygienic practices on bacteriological quality 
of milk.
Swabbing and different bacterial count
The surfaces were swabbed with cotton-tipped 
swab. First of all autoclaved swab were inserted into 
10 ml of sterile water tube for moistening. Before 
swabbing, the swab head was pressed against the 
interior wall of the tube to remove excess water. It 
was slowly and thoroughly rubbed over approxi-
mately 6 cm2 surfaces of milker hands, milking pail, 
udder of individual buffalo, and milk cans. Each swab 
sample was analyzed for SPC, Staphylococci count 
and coliform count by using media namely plate count 
agar media, Staphylococci medium 110 and violet red 
bile agar medium, respectively. All plates were incu-
bated at 35°C for 24-48 h.
Statistical analysis
Statistical analysis was based on parametric 
test, and all the treatment groups were analyzed using 
one-way analysis of variance (ANOVA). The mean 
of various treatments were compared as described by 
earlier scientists [7].
Results and Discussion
Significantly higher (p<0.05) bacterial count 
(all types) were found from stored water than pota-
ble water (Table-1). The potable water is of better 
quality when compared to stored water that is 
commonly used for washing of milking pail/can, 
milker’s hand and udder of buffalo. Similarly, it was 
identified that using contaminated or poor quality 
water for personal hygiene, cleaning utensils and 
animals can be another means of milk contamina-
tion with Escherichia coli [8] and lack of proper 
water for washing milk equipment and animal and 
ignorance of hygienic practices may be the possible 
reasons for high contamination of Staphylococcus 
aureus [9,10]. It is evident that (Table-1) milker 
hand, udder of animals, milking pail and milk can 
all act as potential source of contamination for 
milk [11]. There is significant difference (p<0.05) 
between all the sources for SPC. It was highest in 
milking pail and milk can, followed by udder and 
milker hand. Milking equipment may play a sig-
nificant role in the contamination of milk with this 
microorganism, mainly during milking, by means of 
direct contact between milk and the surfaces of con-
taminated equipment [12] and various utensils such 
as plastic buckets and bulk storage tanks used during 
milk collection usually constitute the source of great-
est contamination of milk [13]. However in case of 
coliform and Staphlococci count between milking 
Table-1: Bacterial count of different potential sources of 
contamination.
Source SPC Coliform Staphylococci
Stored
water log/ml
3.49b±0.01 2.53b±0.01 1.45b±0.03
Potable
water log/ml
0.77a±0.01 0.05a±0.00 0.00a±0.00
Milkers hand 
log/6 cm2
5.51c±0.02 3.24c±0.17 2.71c±0.07
Udder log/6 cm2 6.62d±0.01 3.77d±0.12 2.95d±0.02
Milking pails 
log/6 cm2
6.73e±0.02 3.38c±0.15 3.24e±0.02
Milk can
log/6 cm2
6.64d±0.02 3.32c±0.13 3.22e±0.04
CD 0.05 0.35 0.12
Mean with different superscript in a row differ significantly 
(p<0.05). SPC=Standard plate count, CD=Critical 
differenceAvailable at www.veterinaryworld.org/Vol.7/September-2014/24.pdf
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pail and milking cans significant difference was not 
observed, whereas all other source observations were 
not differed significantly (p<0.05).
Unwashed milker hand play an important role 
to add bacteria (Table-1) and the mean value of 
bacterial count after washing with potable water 
and sanitizer (Table-2) shows that the highest count 
was observed under control (T0), followed by T1, T2 
and T3. The average value of all bacterial count had 
a significant (p<0.05) difference between control 
and potable water. Regarding the T2 and T3 differ-
ence was not significant. The milk can be contam-
inated by S. aureus when there is an infection of 
the mammary gland or bad hygiene during handing 
and processing, such as not washing hands when 
handling milk [14]. The application of personal 
hygiene such as when the milker rubbed his hands 
with clean wet towels before milking and when the 
milker washed his hands with soap and water, put 
on a clean coat, covered his hair, there was a sig-
nificant effect of application of hygienic practices 
on total bacterial count, S. aureus count and coli-
form count (p<0.01). The bacterial load noticeably 
reduced when above treatment was applied [15]. 
Milk come in direct contact with pail surface. 
Hence cleaning and disinfection are very important 
in hygienic milk production. The SPC was found to 
be highest in case of control (6.64 log/6 cm2) and 
lowest in pail treated with 50 ppm of Iodophore 
solution (2.67 log/6 cm2). There is no significant 
difference (p>0.05) between treatments T2 and T3 in 
all type of bacterial count, but a significant differ-
ence between the treatments T0 and T1 in SPC and 
Staphylococci while coliform count shows no sig-
nificant difference between treatments. Similarly, it 
was reported that improperly cleaned milking pail 
is the potential source of bacterial contamination, 
use of chlorine solution improved bacterial quality 
of milk by manifold [16].
Udder and teat surface are the major source of 
contamination (Table-1). The mean average bacterial 
count for all types of bacteria was significantly higher 
(p<0.05) in the control group (T0) as compared to T1. 
However, there was no significant difference (p>0.05) 
in bacterial count in case of SPC and Staphylococci 
count between T2 and T3, but significant (p<0.05) 
difference was observed in coliform count between 
T2 and T3, thereby showing Iodophore treatment to 
be superior to that of chlorine in reducing the coli-
form count (Table-2). The cleaning of udder with 
0.5% iodophore solution reduced the bacterial load of 
milk when compared to washing the udder only with 
water only [17]. Similar observations were reported 
by other [18].
The use of potable water significantly (p<0.05) 
reduces SPC, coliform and Staphylococci count. 
Washing of milk can with chlorine and iodophore 
solution further reduced the all types of bacterial 
count many folds (Table-2). It was further observed 
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that iodophore solution was significantly (p<0.05) 
more effective than chlorine solution in a reduction 
of SPC and Staphylococci count, while decrease in 
coliform count was found non-significant between 
T2 and T3. Similarly, it was found that bacterial 
count in washed and unwashed can be 3.8×105 and 
5.0×106 [19].
The milker hand, milking pail, udder of ani-
mals and milk can were a potential source of con-
tamination (Table-1). If the load of bacteria in these 
sources becomes higher than the bacterial count of 
milk also increases automatically. The highest SPC, 
coliform and Staphylococci count in milk in con-
trol (T0) followed by washing with potable water 
(T1), chlorine solution and iodophore solution (T3), 
respectively. There was a significant (p<0.05) dif-
ference between control and potable water for all 
types of bacterial count studied. On the contrary, 
no significant difference was observed between T2 
and T3 for all bacterial count. The personal hygiene 
of farmers and unhygienic utensils used during the 
milking process contributed most to the bacteri-
ology quality of raw milk. A significant reduction 
on microbial count of milk was observed after the 
hygienic practices were introduced by the dairy 
farmers [20]. It was reported that reported that milk 
produced under hygienic condition always expected 
to have low bacterial count [21]. The anaerobic and 
aerobic bacterial reduced even by a simple rinse of 
milk can with potable water [19].
Conclusions
It is inferred that milker hands, milking pails, 
udder of animals, milk cans and stored water used 
for washing of equipment are the potential source 
of contamination in raw milk. These were counted 
as critical point, which needs attention for the pro-
duction of high-quality milk. Potable water was 
found to be better than stored water. The use of 
either chlorine 200 ppm and iodophor 50 ppm is 
highly effective in reducing the bacterial popula-
tion to desired level and increasing the shelf life 
of milk.
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